Introduction {#s1}
============

Body-weight fluctuation refers to the repeated loss and regain of weight within a specific period ([@B1], [@B2]). Currently, no single definition or measurement is endorsed for weight fluctuation ([@B1]). Weight fluctuation is a common, partly due to the high prevalence of weight regain after weight loss by dieting or exercising in the individuals with overweight, obesity or even with normal weight ([@B3]--[@B5]). These people are usually in good health. In general, intentional weight losses have been found to be protective or unrelated to risk ([@B6], [@B7]). Furthermore, body weight may fluctuate for a variety of other reasons; for instance, various diseases also can cause unintentional weight fluctuation which is associated with smoking, aging and severity of the disease ([@B8]).The association between weight fluctuation and health outcomes, especially with mortality and cardiovascular disease (CVD), have been extensively studied since the 1990s ([@B5]--[@B29]). Several large studies, such as the Honolulu Heart Program, Framingham Heart Study and Treating to New Targets trial, suggested that weight fluctuation is associated with an increased risk of all-cause and CVD mortality ([@B5], [@B8], [@B9]). Epidemical studies have shown that body weight fluctuations may be associated with metabolic disorders, resulting in negative health consequences ([@B30], [@B31]). However, other cohort studies have failed to confirm these findings ([@B6], [@B7], [@B10]), or even get opposite results in mild weight fluctuation ([@B6]). The association between body-mass index (BMI) and risk of premature death in older people is more complicated ([@B10]). A systematic review of cohort studies in populations aged more than 65 years found that either BMI was not a risk factor or low rather than high BMI values increased the risk of all-cause mortality ([@B32]). Older people may be more susceptible to unintentional weight fluctuation due to underlying disease. To clarify the association between weight fluctuation and risk for death and CVD, we conducted a systematic review and meta-analysis of the available evidence from published cohort studies.

Methods {#s2}
=======

A meta-analysis and meta-regression analyses were carried out for clarifying the association between body-weight fluctuation and risk for mortality and CVD, according to Meta-analysis Of Observational Studies in Epidemiology (MOOSE) Reporting Guidelines ([@B33]).

Search Strategy
---------------

We conducted a literature search in PubMed, EMBASE and the Cochrane library from inception to October 15, 2018. Then, manual searching was conducted according to the references of relevant acquired articles. The search was later updated to May 20, 2019. No newly identified study was included in the analyses. Details of the search strategy and data extraction are shown in [Appendix S1](#SM1){ref-type="supplementary-material"}.

Study Selection
---------------

We included cohort studies conducted in aged 18 years or older and documented exposure to body-weight fluctuation. Weight fluctuation was defined as weight gain or loss in a specific period, and change in the opposite direction (loss or gain) in the next period. It was measured by a continuous variable (i.e., coefficient of variation or root mean square error) and/or a categorical variable (i.e., weight cycle). The stable weight category or lowest category for continuous variables of weight fluctuation was used as the reference. The primary outcomes were risks for mortality from all causes, CVD and cancer, and the secondary outcome was the risk for morbidity of CVD and hypertension. Publications that provided adjusted or crude relative risk (RR) estimates such as risk ratios, incidence rate ratios, hazard ratios or odds ratios with 95% confidence intervals (CI) for weight fluctuation were eligible. Only articles published in English were considered. Multiple publications from the same cohort study were reviewed, and only the papers with the longest follow-up for identical outcomes were included.

We contacted the authors if the data of interest were not directly provided in the publications and got no response.

Data Extraction
---------------

From each eligible study, we extracted data concerning the name of the first author, year of publication, sample size, study design, follow-up duration, definition for weight fluctuation, RRs (95% CIs) for risk of events, and covariates in fully adjusted model ([Table A1](#SM2){ref-type="supplementary-material"}).

Statistical Methods
-------------------

The associations of body-weight fluctuation with health outcomes were assessed, and any results stratified by sex were treated as two separate reports ([@B34]). The weight fluctuation was measured using different ways, either as categorical or continuous variables, in publications. For categorical variables, weight fluctuation was defined as weight variation \> 4% ([@B11]), 4.5% ([@B12]), ≥5% ([@B13]--[@B15]), 10% ([@B16]) or others ([@B6], [@B17]--[@B21]) of baseline body weight. For continuous variables, root mean square error (RMSE), coefficient of variation (CV), intrapersonal standard deviation of weight (ISD) or average successive variability of weight (ASVW) were used as indexes for weight fluctuation. Body-weight fluctuation, therefore, was measured in two different ways, i.e., weight cycles as categorical variables and deviation degree of weight as continuous variables. For analysis of categorical variables, the risks of outcomes were evaluated by comparing individuals with weight cycles to individuals with stable weight. For analysis of continuous variables, RRs were differently reported by each study (such as per unit or per 1- standard deviation (SD) change, or comparing tertile, quartiles, quintiles or others). For the variables presented as tertile ([@B8], [@B22]), quartiles ([@B23]--[@B26]) or quintiles ([@B5], [@B9]), the risks of outcomes were evaluated by comparing the top category with bottom category. However, for the RRs of per unit increase of continues variables, such as RR for 1 kg of RMSE or ASVW, the data cannot be transformed to categorical variables and these studies were excluded from our analysis. Therefore, all these RRs for outcomes were treated as categorical variables. We performed a meta-analysis using the random-effects model to calculate RRs for the measurements provided in publications. In the analyses of CVD, risk estimates of two or more kinds of CVD were also treated as separate reports. When publications reported RRs for two different measurements (continues and category variables) simultaneously, we chose the RR calculated from continuous variable since weight cycle may lack some important information and thus has limited power to detect associations ([@B35]).

Study quality was assessed using a modified Newcastle-Ottawa scale (NOS) (details are shown in [Appendix S2](#SM1){ref-type="supplementary-material"}) ([@B36]). This scale awards nine scores to each study: four for selection of participants and measurement of exposure, two for comparability of cohorts on the basis of the design or analysis, and three for assessment of outcomes and adequacy of follow-up. A study was considered high quality if it had a score of 6.5 or more. Publication bias was assessed using both Egger\'s and Begg\'s tests ([@B37], [@B38]). We also followed the Duval and Tweedie trim and fill procedure as a method of adjustment for suspected publication bias ([@B39]). Sensitivity analyses were conducted by omitting 1 report at a time from the analyses and assessing the effect on the overall findings. Subgroup analysis were conducted based on age, measurement of weight fluctuation, method for weight ascertainment, intentional or unintentional weight fluctuation, BMI and adjustment confounding factors. Intentional or unintentional weight change was determined by asking participants if they have lost or gained weight on purpose in questionnaires ([@B6], [@B7]). Heterogeneity was assessed using the *I*^2^ statistic, where *I*^2^ \> 50% indicated substantial heterogeneity ([@B40]). Meta-regression analyses were conducted to investigate sources of heterogeneity. In the meta-regression, variables in univariable analyses with *P*-values \< 0.1 were considered statistically significant and included in multivariable models, and an overall *P*-value \< 0.05 was considered statistically significant in multivariable models ([@B41], [@B42]). If there were fewer than 10 studies that reported the explanatory variable(s) of interest, meta-regression analysis could not be performed due to insufficient data.

The statistical analyses were conducted using Stata statistical software version 12.0. A 2-sided *P* \< 0.05 was considered to indicate statistical significance.

Results {#s3}
=======

Study Selection
---------------

After ineligible studies were excluded from the 8,640 studies identified by the initial search, 23 cohort studies \[25 publications ([@B5]--[@B29])\] were included in our meta-analysis ([Figure 1](#F1){ref-type="fig"}). Among the 25 publications (23 studies), 20 studies provided statistical results relevant to the meta-analyses on mortality, 5 studies on CVD and 4 studies on hypertension.

![Flow diagram of study selection process. A Exact reasons for exclusions were not documented.](fendo-10-00728-g0001){#F1}

Study Characteristics
---------------------

In 23 studies with 441,199 participants, there were 43,758 deaths due to all causes, 11,721 deaths from CVD, 10,172 deaths from cancer, 15,125 cases of CVD and 18,276 cases of hypertension. Participants were aged 18--79 years, with more than half being middle-aged or older (≥50 years), and participants had an average BMI ≥ 25 in 14 studies (284, 631 participants, 64.5%) ([@B5]--[@B8], [@B11], [@B15], [@B16], [@B18], [@B19], [@B23], [@B24], [@B26]--[@B28]) and a BMI ≥ 30 in 3 studies (78,247 participants, 17.7%) ([@B15], [@B26], [@B28]). Four studies ([@B6], [@B7], [@B21], [@B22], [@B29]) were conducted with participants with intentional weight fluctuation and two ([@B10], [@B27]) with unintentional weight fluctuation; the cause could not be discriminated based on available information in the remaining studies. Four studies ([@B7], [@B8], [@B19], [@B27]) reported results stratified by sex and one ([@B11]) study reported results as weight cycling end at weight loss and weight gain, respectively. One study ([@B12]) reported RR for weight cycle with low, average and high BMI and one study ([@B28]) divided participants into groups of diabetes and non-diabetes. Therefore, 15 reports were generated from 7 studies and added to the other 13 studies, resulting in 28 reports in 20 studies included to analyze the association of weight fluctuation and the risk of all-cause mortality ([@B5]--[@B16], [@B18]--[@B20], [@B23], [@B24], [@B26]--[@B28]). Similar situation also showed in analysis of mortality from CVD and cancer, CVD and hypertension. The durations of the cohort studies ranged from 2 to 32 years, with a median duration of 8 years. Twenty of 25 publications had a high quality, as the results of the study quality assessment (score 0--9) yielded a score of 6.5 or above ([Table S1](#SM1){ref-type="supplementary-material"}).

Mortality From All Causes, CVD, and Cancer
------------------------------------------

Twenty studies were included to analyze the association of weight fluctuation and the risk of all-cause mortality ([@B5]--[@B16], [@B18]--[@B20], [@B23], [@B24], [@B26]--[@B28]).These studies included 43,758 deaths among 341,395 participants. The summary RR for all-cause mortality was 1.41 (95% CI 1.27--1.57; *P* \< 0.001; [Figure 2](#F2){ref-type="fig"}) by using a random-effects model (*I*^2^ = 78.1%; *P* \< 0.001 for heterogeneity; [Table S2](#SM1){ref-type="supplementary-material"}).

![Summary RRs for the association between weight fluctuation and risk all-cause mortality, CVD mortality and cancer mortality. RR and 95% CIs were calculated using the random-effects model used to pool data. Error bars indicate 95% CIs. Risk ratio data are rounded to 2 decimal places; error bars reflect unrounded values. RR, relative risks; CI, confidence interval; CVD, cardiovascular disease. M, men; W, women; G, weight cycle ending with gain; L, weight cycle ending with loss; D, weight fluctuations in diabetes; ND, weight fluctuations in non-diabetes; LB, weight cycle in low BMI population; AB, weight cycle in average BMI population; HB, weight cycle in high BMI population.](fendo-10-00728-g0002){#F2}

Eleven ([@B5]--[@B8], [@B11], [@B13], [@B16], [@B20], [@B23], [@B24], [@B28]) high-quality studies (245,109 participants, more than 11,748 deaths) were used to evaluate CVD mortality. The results revealed that weight fluctuation was associated with an increased risk for CVD mortality (RR, 1.36, 95% CI 1.22--1.52; *P* \< 0.001; [Figure 2](#F2){ref-type="fig"}; *I*^2^ = 32.3%; *P* = 0.11 for heterogeneity; [Table S2](#SM1){ref-type="supplementary-material"}).

Six high-quality studies ([@B5], [@B7], [@B13], [@B16], [@B24], [@B28]) (172,709 participants; 10,172 events), were used to evaluate cancer mortality. The analysis showed that weight fluctuation had no influence on cancer mortality (RR, 1.01, 95% CI 0.90--1.13; *P* = 0.87; [Figure 2](#F2){ref-type="fig"}), with no significant heterogeneity among studies (*I*^2^ = 0.0%; *P* = 0.48 for heterogeneity; [Table S2](#SM1){ref-type="supplementary-material"}).

The results of the sensitivity analyses were not altered after excluding any reports ([Figures S1--S3](#SM1){ref-type="supplementary-material"}). Furthermore, there were only 3 reports each of intentional and unintentional weight fluctuation in a total of 20 studies with 28 reports for all-cause mortality. Although subgroup analyses showed that unintentional weight fluctuation was associated with increased risk for all-cause mortality (*P* = 0.016; [Table S3](#SM1){ref-type="supplementary-material"}) and that intentional weight fluctuation was not associated with all-cause mortality (*P* = 0.49; [Table S3](#SM1){ref-type="supplementary-material"}) or CVD mortality (*P* = 0.12; [Table S3](#SM1){ref-type="supplementary-material"}). The small number of participants (total participants from 3 reports were 2,975) from unintentional studies limited the conclusion that unintentional weight fluctuation was associated with increased risk for all-cause mortality. Interestingly, the association between weight cycling and all-cause mortality did not vary by BMI or age (all *P* \< 0.05). For CVD mortality, a higher risk was observed in normal (*P* = 0.045; [Table S3](#SM1){ref-type="supplementary-material"}) and overweight individuals (*P* \< 0.001; [Table S3](#SM1){ref-type="supplementary-material"}), but not in those with obesity (BMI ≥ 30) (*P* = 0.82; [Table S3](#SM1){ref-type="supplementary-material"}) and the old ages (\>60 years) (*P* = 0.082; [Table S3](#SM1){ref-type="supplementary-material"}). Finally, weight fluctuation was associated with increased all-cause and CVD mortality regardless of the way weight fluctuation was measured (all *P* \< 0.05; [Table S3](#SM1){ref-type="supplementary-material"}).

CVD
---

Five studies ([@B8], [@B9], [@B15], [@B25], [@B26]), which included a total of 15,125 events among 122,920 participants, were used for the analysis of weight fluctuation and CVD. Three of these studies were of high quality. Pooled estimates showed that weight fluctuation was associated with an increased risk of CVD (RR, 1.49; 95% CI 1.26--1.76; *P* \< 0.001; [Figure 3](#F3){ref-type="fig"}) with heterogeneity among studies (*I*^2^ = 63.5%; *P* = 0.008 for heterogeneity; [Table S2](#SM1){ref-type="supplementary-material"}).

![Summary RRs for the association between weight fluctuation and CVD and hypertension. Size of data markers is proportional to the weight of each report. RR and 95% CIs were calculated using the random-effects model used to pool data. Error bars indicate 95% CIs. RR data are rounded to 2 decimal places; error bars reflect unrounded values. RR, relative risks; CI, confidence interval; CVD, cardiovascular disease; M, men; W, women; MI, myocardial infarction; CHF, congestive heart failure; CHD, coronary heart disease; OB, weight fluctuations in obese; NOB, weight fluctuations in non-obese.](fendo-10-00728-g0003){#F3}

The results of the sensitivity analyses were not altered after excluding any report ([Figure S4](#SM1){ref-type="supplementary-material"}). However, subgroup analyses for weight fluctuation and risk for CVD showed that separation of methods for weight ascertainment significantly decreased the heterogeneity (*P* = 0.34 for heterogeneity in subgroup of self-reported; *P* = 0.16 for heterogeneity in subgroup of measuring at visit; [Table S4](#SM1){ref-type="supplementary-material"}), suggesting that mixing different methods of weight ascertainment might be an important source of heterogeneity among the studies of CVD. However, no association was found between weight variation and CVD in obese participants (BMI ≥ 30) (*P* = 0.10; [Table S4](#SM1){ref-type="supplementary-material"}) as showed for CVD mortality.

Hypertension
------------

Four studies ([@B17], [@B21], [@B22], [@B29]) (144,256 participants, 18,276 events) assessed the association between weight fluctuation and hypertension. All of these participants were in fair health. Our analysis indicated that weight fluctuation was associated with a higher risk for hypertension (RR, 1.35, 95% CI 1.14--1.61; *P* = 0.001; [Figure 3](#F3){ref-type="fig"}). No significant heterogeneity was detected (*I*^2^ = 34.7%; *P* = 0.19 for heterogeneity; [Table S2](#SM1){ref-type="supplementary-material"}).

In the sensitivity analyses, the results did not change after omitting each of the reports ([Figure S5](#SM1){ref-type="supplementary-material"}). Although subgroup analyses showed that intentional weight fluctuation was not associated with hypertension (*P* = 0.14; [Table S4](#SM1){ref-type="supplementary-material"}), however, a limited sample size with 58,230 participants and 1,284 patients restricted the conclusion from the studies.

Meta-Regression
---------------

Substantial heterogeneity (*I*^2^ \> 50%) was presented in the analyses of all-cause mortality and cardiovascular morbidity but not in those of CVD and cancer mortality ([Table S2](#SM1){ref-type="supplementary-material"}); therefore, it was important to investigate the sources of heterogeneity (details in [Table S5](#SM1){ref-type="supplementary-material"}). In the univariable models various factors were analyzed, study location (*P* = 0.057), duration (*P* = 0.020), study quality (*P* = 0.015), method for weight ascertainment (*P* = 0.005), and adjustment for physical activity (*P* = 0.033) and energy intake (*P* = 0.003) were statistically significant and were therefore eligible for inclusion in the multivariable models for detecting the sources of heterogeneity (all *P* \< 0.1).The results from multivariable regression analysis suggested that these factors were the major sources of heterogeneity of the studies for analysis of all-cause mortality (the overall *P* \< 0.001 in multivariable models, [Table S5](#SM1){ref-type="supplementary-material"}). The analysis was not performed among studies for CVD morbidity due to an insufficient number of studies.

Publication Bias
----------------

No evidence of publication bias was observed (all *P* \> 0.05) except for studies on all-cause mortality according to the Egger's (*P* = 0.001) and Begg\'s tests (*P* = 0.014) ([Table S2](#SM1){ref-type="supplementary-material"}). After incorporating the hypothetical studies using trim and fill methods, the risk estimates were attenuated in risk of all-cause mortality (RR, 1.18, 95% CI 1.05--1.32; *P* \< 0.001), which suggested the existence of potentially negative studies. Nevertheless, these biases did not change the general conclusion.

Discussion {#s4}
==========

In this meta-analysis of 25 studies involving more than 400,000 participants, body-weight fluctuation was associated with a significant increase in risk of all-cause mortality, CVD mortality, and CVD.

A meta-analysis with only 3 studies by Cheng et al. ([@B43]) also reported that weight fluctuation in participants aged 60 years or older was associated with a higher risk of mortality, although no detailed subgroup analysis was carried out. Two newly published studies, which didn\'t include in our analysis for reporting RRs for per unit increase, also concluded that body-weight fluctuation was associated with increased mortality ([@B44], [@B45]). Although from the perspective of the number of studies, 21 of the 28 reports showed that body weight fluctuation was associated with increased risk of all-cause and CVD mortality ([@B8], [@B9], [@B11]--[@B14], [@B16], [@B18]--[@B20], [@B23], [@B24], [@B26], [@B27]), the findings from the remaining 7 reports ([@B6], [@B7], [@B10], [@B12], [@B15], [@B28]), which were equal to more than 60% of both total participants and events in the present study, showed no effect. These observation clearly demonstrated the inconsistency of weight fluctuation and health outcomes. The discrepancy in results may be due to factors such as no differentiation between intentional and unintentional weight fluctuation, participants\' age and baseline BMI, and a variety of methods for measuring weight fluctuation. Much of the confusion about the effects of weight fluctuation in studies can be traced to the lack of a standardized definition or measurement for weight fluctuation ([@B1]). Subgroup analysis was therefore carried out and showed that regardless of the method of weight fluctuation measurement, its association with all-cause and CVD mortality does exist. There are a variety of reasons for variation in body weight, including subsequent weight regain after intentional weight loss and unintentional weight fluctuation caused by severe diseases ([@B5], [@B8]). Limited studies demonstrated that intentional weight fluctuation was not associated with an increased risk of all-cause and CVD mortality or hypertension in our study. Previous meta-analyses have demonstrated that intentional weight loss is associated with decreased and unintentional weight loss is associated with increased risk of mortality ([@B46]--[@B48]). It may be caused by the fact that individuals with obesity or overweight are more likely to put on intentional weight-loss regimens, while unintentional weight fluctuation often associated with severity of pre-existing diseases ([@B5], [@B8]), such as edema. However, most studies cannot identify the causes for weight loss. In addition, weight loss is more complicated to study in elderly persons because it is common for older adults to lose muscle mass and their relatively high prevalence of poor health conditions, such as CVD, chronic kidney disease and diabetes ([@B6], [@B8], [@B49], [@B50]). The results from our study found that an increased risk for all-cause mortality was observed at all ages and that a higher risk of CVD mortality was observed only in individuals \<60 years of age. The results suggest that aging is as important as weight fluctuation for cardiovascular mortality, which is agreeable with previous observation that aging is one of important risk factors for CVD ([@B51]). BMI is associated with all-cause mortality and obesity is another of important risk factors for CVD ([@B52]--[@B54]). Our analysis found that the association with all-cause and CVD mortality occurs in all BMI categories except with CVD mortality in individuals with a BMI≥30. This finding may suggest that obesity had an effect on CVD mortality similar to weight fluctuation.

Fluctuation in body weight was also associated with an increased risk for morbidity of hypertension and CVD and for mortality of CVD, which may account for the increased risk of all-cause mortality. The associations reported here may be interpreted in a number of different ways. One possibility is that weight fluctuation was associated with metabolic disturbance, such as insulin resistance ([@B55]), elevations in triglycerides ([@B31]) and abdominal fat accumulation ([@B30], [@B31]), and increased risk for diabetes ([@B9], [@B56]--[@B58]), all of which may contribute to cardiometabolic disease. Another alternative possibility is that subjects with risk factors for CVD are more likely to experience weight fluctuation ([@B5]). In this case, the fluctuation in weight could be the consequence, and not the cause, of the health end points.

To date, no cohort studies have directly compared the clinical outcomes of body-weight fluctuation and maintenance of overweight/obesity or of long-term and stable weight loss. Hence, we cannot conclude whether obese individuals should be deterred from efforts to control their body weight by concerns about the hazards of weight cycling. Future study is needed for the causal links between weight fluctuation and adverse health outcomes.

Limitations {#s5}
===========

This analysis has several limitations. First, findings from this review are based on observational data, and no causal links may be concluded. Secondly, different definitions and measurements for weight fluctuation of included studies may be potential confounding variables, although we have conducted detailed subgroup, sensitivity and meta-regression analyses to confirm robustness of our results. And most studies cannot identify intentional or unintentional weight fluctuation, which may have different effect on association between weight fluctuation and health outcomes. Third, the present study did not directly compare clinical outcomes of body-weight fluctuation and maintenance of overweight/obesity or of long-term and stable weight loss. Finally, our results addressed only findings related to changes in weight and no other anthropometric measurements (e.g., waist circumference and waist-to-hip ratio). Loss of lean body mass may be a powerful predictor of increased mortality risk in older persons ([@B20]), but such measures are well beyond the scope of our present analyses.

Conclusion {#s6}
==========

In conclusion, the present systematic review and meta-analysis revealed that body-weight fluctuation was associated with higher mortality of all causes and CVD and morbidity of CVD and hypertension. Future study is needed for the causal links between weight fluctuation and adverse health outcomes.
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